In Vivo Exon Replacement in the Mouse Atp7b Gene by the Cas9 System.
The application of CRISPR/Cas9 has opened a new era in gene therapy, making it possible to correct mutated genomes in vivo. Exon replacement can correct many mutations and has potential clinical value. In this study, we used a lentivirus-delivered transgene to obtain transgenic mice in which Cas9 and green fluorescent protein (GFP) were driven by the hTBG promoter and were specifically expressed in the liver. In Cas9-positive mice, only ∼11.6% of hepatocytes were GFP positive. The newborn Cas9-positive F1 mice were injected via the temporal vein with rAAV carrying a modified homologous replacement sequence for exon 8 of Atp7b and a pair of single-strand guide RNAs targeting the introns surrounding exon 8. When the Cas9-positive hepatocytes were sorted and analyzed by PCR and next-generation deep sequencing with different labels, ∼16.34 ± 4.02% to 19.37 ± 6.50% of the analyzed copies of exon 8 were replaced by the donor template in the genome of GFP-positive hepatocytes, that is, 1.81 ± 0.29% to 2.09 ± 0.54% replacement occurred in all liver genomes. However, when rAAV carrying a modified homologous replacement sequence was injected into the adult spCas9 mice, a double-cut deletion ratio of up to 99%, only about 1.10-1.13% of the exon 8 replacement rate was detected in Cas9-positive hepatocytes. This study is the first to achieve exon replacement via CRISPR/Cas9, which will benefit research on CRISPR/Cas9 technology for gene therapy.